Organic agricultural systems are often assumed to be more sustainable than conventional farming, yet there has been little work comparing surface water quality from organic and conventional production, especially under the same cropping sequence. Our objective was to compare nutrient and sediment losses, as well as sweet corn (Zea mays L. var. saccharata) yield, from organic and conventional production with conventional and conservation tillage. The experiment was located in the Appalachian Mountains of North Carolina. Four treatments, replicated four times, had been in place for over 18 yr and consisted of conventional tillage (chisel plow and disk) with conventional production (CT/Conven), conservation no-till with conventional production (NT/Conven), conventional tillage with organic production (CT/Org), and conservation no-till with organic production (NT/Org). Water quality (surface flow volume; nitrogen, phosphorus, and sediment concentrations) and sweet corn yield data were collected in 2011 and 2012. Sediment and sediment-attached nutrient losses were influenced by tillage and cropping system in 2011, due to higher rainfall, and tillage in 2012. Soluble nutrients were affected by the nutrient source and rate, which are a function of the cropping system. Sweet corn marketable yields were greater in conventional systems due to high weed competition and reduced total nitrogen availability in organic treatments. When comparing treatment efficiency (yield kg ha -1 /nutrient loss kg ha -1 ), the NT/Conven treatment had the greatest sweet corn yield per unit of nutrient and sediment loss. Other treatment ratios were similar to each other; thus, it appears the most sustainably productive treatment was NT/Conven.
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Comparison of Surface Water Quality and Yields from Organically and Conventionally Produced Sweet Corn Plots with Conservation and Conventional Tillage
Joshua Edgell, D. L. Osmond,* D. E. Line, G. D. Hoyt, J. M. Grossman, and E. M. Larsen S oil loss from croplands in the United States was estimated to be 1.73 billion tons in 2007. Although this was a 43% decline in loss rate since 1982 (USDA-NRCS, 2010), nutrient and sediment losses from agricultural systems continue to directly affect surface and ground waters (Shipitalo et al., 2013; Rupert 2008; Boesch et al., 2001) . Among the concerns are high nitrate concentrations in drinking water and eutrophication due to nitrogen (N) and phosphorus (P), leading to hypoxic and anoxic surface waters (Smith et al., 2015; Schilling and Libra, 2000; Carpenter et al., 1998) .
Tillage and fertility management significantly affect nutrient and soil losses, yields, and overall efficiency of cropping systems. Tillage is used as a method of weed control in agriculture systems (Buchholtz and Doersch, 1968) and is especially prominent in organic systems where herbicides are prohibited (RebergHorton et al., 2012) . With the advancements in herbicides and agricultural equipment, increased awareness of conservation, and increased economic benefits, many farmers have adopted conservation tillage (Conservation Technology Information Center, 2006) , thereby reducing soil losses. Conservation tillage systems have been shown to increase soil carbon, which improves soilwater relationships and decreases soil losses (Presley et al., 2012; Richards et al., 2009; Williams et al., 2009; Duiker et al., 2006; Ismail et al., 1994) . However, when conservation tillage is used, nutrients are often left on the soil surface, which may increase nutrient losses to surface water runoff (Diaz et al., 2010; Tiessen et al., 2010; Allen and Mallarino, 2008) . Although incorporating fertilizers below the soil surface has been shown to reduce dissolved nutrient concentrations to surface waters, erosion and sediment loading (and nutrients attached to soil) may increase (Meijer et al., 2013; Shipitalo et al., 2013; Rhoton et al., 2002) . Nitrate leaching losses generally appear to be similar between tillage systems (Mitsch et al., 1999; Kanwar et al., 1997; Smith et al., 1990) .
The amount and type of nutrients applied also affects nutrient losses. Whereas conventional systems predominantly rely on inorganic fertilizer sources, organic systems use nutrients found in carbon-based animal manures and cover crops to provide adequate fertility. Manure use can lead to increased soil carbon, improve infiltration and aggregate stability, and support soil biodiversity (Gong et al., 2011; Fares et al., 2008; Johnson and Hoyt, 1999) ; however, it can have negative impacts by increasing soil salinity (Eghball, 2002; Chang et al., 1991) and soil heavy metals (Sheppard and Sanipelli, 2012; Shi et al., 2011; Benke et al., 2008) and can introduce weeds even when composted (Blackshaw and Rode, 1991; Atkeson et al., 1934) . Furthermore, although manure is a valuable source of N, the nutrient ratios of manures are often imbalanced, leading to the overapplication of other nutrients, specifically phosphorus .
In an effort to curb agriculture's environmental impact, it has been proposed that organic management can increase soil quality while protecting water quality. Most findings concur that organic systems tend to yield less than conventional systems due to nutrient limitations or weed competition, but this is highly dependent on the crop, length of rotations, and weed control approaches (Seufert et al., 2012; Cavigelli et al., 2008; Kirchmann et al., 2007a) . Although yields tend to be lower, organic management practices have been found to increase soil carbon (Larsen et al., 2014; Wang et al., 2011; Reganold et al., 1987) , which may lead to decreased runoff and soil loss. Conventional systems can have higher losses of N (Hathaway-Jenkins et al., 2011) than organic systems, lower losses (Bergström and Kirchmann, 1999) , or similar losses (Dufault et al., 2008) . In addition, several studies suggest that N leaching losses can sometimes be greater under organic than conventional agriculture (Kirchmann et al., 2007a (Kirchmann et al., , 2007b Torstensson et al., 2006) . However, higher P and sediment losses may be expected in organic systems due to their reliance on manure as a fertilizer source (Diaz et al., 2010; and the use of cultivation to control weeds.
There has been very little work comparing water quality of organic production versus conventional production, especially when both systems use the same cropping sequence (Oquist et al., 2007) . Thus, the objective of this experiment was to compare surface runoff, nutrient and sediment loads and concentrations, and sweet corn (Zea mays L. var. saccharata) yield from organic and conventional agriculture production systems overlain by tillage (conventional and conservation) from a unique set of longterm plots (>18 yr).
Materials and Methods

Experimental Design
The experiment was located on field plots in the Southern Appalachians at the Mountain Horticultural Crops Research Station (Mills River, NC). The plots, located on a stream terrace with slopes between 2 and 7%, were on a Delanco silt loam soil (fine-loamy, mixed, semiactive, mesic Aquic Hapludult). A completely randomized experimental design was set up in 1994 with four treatments and a control, replicated four times; for the purpose of this study, however, the control was removed. The first 12 yr of this long-term experiment included two 3-yr rotations (6 yr total; 1994-1999) of sweet corn and fall cabbage, cucumbers and fall cabbage, and tomatoes and two 3-yr rotations (6 yr total; 2000-2005) of peppers, yellow squash and fall broccoli, and tomatoes (Hoyt, 2005 (Hoyt, , 2007 . Continuous sweet corn was started in 2006 to control vegetable diseases in these plots.
This study, conducted in 2011 and 2012, consisted of (i) conventional tillage with conventional management (chisel plow and disk) (CT/Conven), (ii) conservation no-till with conventional management (NT/Conven), (iii) conventional tillage with organic management (CT/Org), and (iv) conservation no-till with organic management (NT/Org). Organic no-till production is still experimental and is not the norm for organic producers but was established for experimental purposes. Organic treatments were USDA certified organic by International Certification Services, Inc.
Agronomic Management
Cover crops were planted each fall, with winter wheat (Triticum aestivum L.) planted on the conventional production plots and a mixture of winter wheat and crimson clover (Trifolium incarnatum L.) on the organic plots. Cover crops were terminated each spring by flail chopping except for the NT/Conven treatment, which was terminated using glyphosate [Roundup; isopropylamine salt of N-(phosphonomethyl) glycine]. Conventionally tilled treatments were chisel-plowed and disked after termination.
Soil nutrient availability before fertilization each growing season was determined by the North Carolina Department of Agriculture and Consumer Services (NCDA&CS) soil testing laboratory using their standard Mehlich 3 protocol (Mehlich, 1984; NCDA&CS, 2014) . No lime or P was added because soil testing indicated sufficient ranges for soil pH (5.4-6.8) and soil test P (STP) (38-122 mg kg -1 ) ( Table 1) (Cahill et al., 2013) . Recommendations by NCDA&CS do not include N fertilization rates. To ensure that N was not limiting, 202 kg N ha −1 was applied. Although this is the N fertilizer rate for field corn (North Carolina Interagency Nutrient Management Committee, 2014), it is above the highest recommendation for sweet corn (175 kg N ha −1 ) (Kemble, 2014) and well above the actual N response seen in field corn in these floodplain soils (Cahill et al., 2010) . Organic treatments received 202 kg N ha −1 through a combination of cover crop residue and organic fertilizer (Perdue AgriRecycle microStart 3-2-3 pelletized poultry litter) ( Table  2) per Larsen et al. (2014) . Ammonium nitrate (33-0-0) was split applied to the conventional treatments: 112 kg N ha −1 broadcast at pre-plant and 90 kg N ha −1 at 30 d post-plant (Table  2) . Nitrogen recommendations for conventional production do not consider contributions from cereal cover crops (North Carolina Interagency Nutrient Management Committee, 2014) .
Sweet corn variety "Luscious, " available in both conventional and certified organic seed, was planted in all plots in late May (2011) and early June (2012). The insecticides "Warrior" {[1a(S*),3a(Z)]-cyano(3-phenoxyphenyl)methyl-3-(2-chloro-3,3,3-trifluoro-1-propenyl)-2,2-dimethylcyclopropanecarboxylate} for conventional and "Entrust" (a mixture of spinosyn A and spinosyn D) for organic treatments were applied weekly at silking and up to a week before sweet corn harvest, which occurred on 3 Aug. 2011 and 15 Aug. 2012 (Larsen et al., 2014) . Planting and harvest methods are per Larsen et al. (2014) . Weed control in this study varied by cropping system. Conventional treatments used Bicep II Magnum [2-chloro-4-ethylamino-6-isopropylamino-s-triazine;
Acetamide, 2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl]-,(S)], and organic treatments were either mowed (NT/ Org) or roto-tilled (CT/Org) between the corn rows. Mowing was done with a standard self-propelled lawn mower, and rototilling was done with a Troy-bilt rototiller (Horse model) set to till 5 cm below the soil surface; both were used to reduce weeds between the rows of corn until corn canopy was established in July. Total and marketable sweet corn yields and weed biomass assessment were determined per Larsen et al. (2014) .
Climate, Erosivity, and Soil Infiltration
Rainfall was measured continuously by two 203-mm-diameter recording rain gauges located adjacent to two plots. For the few events (<2%) where neither gauge was operational, rainfall data were obtained from the North Carolina State Climatology Office data recorded at the weather station on the property (?300 m from field plots) (State Climate Office of North Carolina, 2014). Analysis of several months of daily rainfall values between the two gages indicated that collected rainfall was not significantly different between the two locations. The 30-yr average (131.6 cm), the winter average (44.7 cm), and the growing season average (48.1 cm) precipitation for this location were higher than the rainfall received in 2011 (119.4 cm annual, 29.0 cm winter, 38.7 cm growing season) and 2012 (102.3 cm annual, 35.8 cm winter, 31.6 cm growing season).
The 30-yr normal mean temperature for the region is 12.0°C. This is lower than the yearly average temperature recorded in 2011 (13.2°C) and 2012 (13.7°C). Similarly, growing season (May-August) temperatures were higher in 2011 (21.2°C) and 2012 (20.9°C) than the 30-yr average (20.0°C). Winter temperatures (December-March), however, were lower in 2011 (3.4°C) and higher in 2012 (7.3°C) than the 30-yr average (3.7°C).
Rainfall erosion index (EI) values, which are the product of total storm energy and the maximum 30-min intensity, were used to quantify the erosive potential of each rain event in 2011 and 2012 (Schwab et al., 1996; Wischmeier, 1978) . The EI values were summed for each winter (December-March), growing season (May-August), crop canopy establishment period (MayJune), and year to compare the erosive potential of rainfall during this experiment.
Soil infiltration potential was measured in the spring of 2011 and 2012 on all plots just before cover crop termination using the Cornell Sprinkle Infiltrometer per device instruction (Cornell University Department of Crop and Soil Science, 2014). Once runoff measurements were consistent (<10% difference), 10 runoff measurements were collected and averaged together for each plot and treatment. Due to differences in soil properties, the duration for each infiltration test varied from treatment to treatment; average evaluation time, however, was approximately 1 h. Soil infiltration rates were averaged across years due to variability of measurements in a given year.
Surface Runoff Collection and Analysis
Each plot, which was delineated with wooden boards buried approximately 10 cm into the ground, was nominally 9.14 m × 18.29 m, for a total of 167.2 m 2 . The boards facilitated runoff collection from each plot, which occurred at the downslope end, where a triangular-shaped rubber liner funneled runoff into an 'H' flume or v-notch weir for flow measurement. All plots used an 'H' flume with the exception of the NT/Org plot, which used a 45° v-notch weir because of low flow, low sediment yield, and slope. The weir was monitored throughout the experiment in which no evidence of upstream sediment deposition or discharge exceeding the weir's capacity was found. An automated sampler (Isco 6700) equipped with an integrated flow meter was used in conjunction with flumes or weir to measure runoff continuously. The sampler's flowmeter measured water level and converted the level to discharge using a standard stage-discharge equation for each flume or weir. Continuous runoff measurement facilitated the collection of flow-proportion samples for each storm event in which significant runoff occurred (Fig. 1) . Runoff from the plot was computed by subtracting the runoff volume from rainfall falling on the rubber liner from the total volume measured by the flume or weir. Runoff for storms with missing data (<10% of storms for four plots and 5% for other plots) was estimated from rainfall-runoff regression relationships established for storms where the data were collected. For each plot, the regression relationship (correlation coefficients ranging from 0.70 to 0.92) was developed from at least 50 monitored storms. Due to equipment malfunction, power failures, or flooding, some storms with significant runoff were not sampled. However, at least 20 runoff events were sampled and analyzed for each plot. The exception to this was ortho-phosphate (dissolved P [DP]) from which, because of its short holding time (48 h), it was not always possible to retrieve a sample, filter, and analyze within the holding time.
Upon collection, samples were split into duplicate acidwashed plastic bottles inside the automated sampler. The oddnumbered bottles were spiked with a 10% sulfuric acid solution (H 2 SO 4 ) to pH <2 to preserve until analysis; nothing was added to the even-numbered bottles. Samples in odd-numbered bottles were analyzed for N species and total P (TP), and samples in even-numbered bottles were analyzed for DP and total suspended solids (TSS). All samples were retrieved from the sampler within 48 h of the rainfall event and transferred into laboratory containers that were refrigerated or frozen (depending on the constituent) until analysis. When more than one sampler bottle contained a sample, an aliquot of sample proportional to the total volume was taken from each bottle and placed into the laboratory container to make a composite sample for analysis.
Once retrieved from the field, aliquots from the nonacidified samples were immediately filtered through a 0.45-mm-pore membrane filter and frozen until analysis for DP. All other samples were refrigerated and packed in ice for transport to the laboratory. Samples were stored at 4°C until analysis, which was completed within 14 d of collection.
Laboratory Analyses
Surface runoff nutrient samples were analyzed in the NCSU EATS Laboratory for concentrations. All methods were from Greenberg et al. (1992) . An unfiltered subsample was taken from the acidified primary sample and analyzed for total Kjeldahl N (TKN), total dissolved N (TDN), and TP. An additional acidified subsample was filtered using a 0.45-µm pore membrane filter and was analyzed for nitrate + nitrite (shown as NO 3 -N) and ammonium (NH 4 -N).
Nitrate nitrogen and NH 4 -N were analyzed with the Quick Chem 8000 Automated Ion Analyzer controlled by Omnion FIA Software (Lachat Instruments). Using the same instrument but with the addition of a Kjeldatherm block digestion system, TKN and TP were analyzed. Total dissolved N analysis used an automated Total Organic Carbon (TOC-VCPN) with a TN (TNM-1) Analyzer (Shimadzu Scientific Instruments). Analysis for DP was performed using direct colorimetric methods using a Quick Chem 8000 Automated Ion Analyzer. Total suspended solid concentrations in runoff were determined from the nonacidified sample using standard method 2540D (Greenberg et al., 1992) . If the volume of the nonacidified sample was insufficient to complete the analysis, the acidified sample was used when available. The concentration (mg L -1 ) of each analyte was multiplied by the runoff volume (L) and proportioned to the collection area to calculate constituent load (kg ha -1 ) for each storm event.
Agricultural Cropping Efficiency Coefficient
An agricultural cropping efficiency (ACE) coefficient was developed to better compare cropping and tillage systems based on pollutant losses (TSS, N, and P species) and yield. This coefficient is the ratio of total sweet corn yield divided by pollutant load. Because both factors were in units of kg ha -1 , the coefficient is unitless. This ratio was then normalized so that the highest observed mean was set to 100 and all other values proportioned to it. 
Statistical Analyses
The experiment was a completely randomized design. Because the experimental objectives were to compare cropping systems and tillage type, factorial analysis was used. The SAS/STAT software (Version 9.3) was used for statistical analysis using the generalized linear mixed model (GLIMMIX) procedure. Each data set was transformed using a log or square root transformation and compared with the untransformed data to determine which method produced the best distribution and to reduce skew. Transformed values were verified for normality. Mean separations were completed using the LSD (Student's t method) on LS means. Covariate analysis was performed for the N runoff species relative to cover crop N, fertilizer N, total N applied, and TSS. Likewise, covariate analysis was used to test the relationship between DP and TP to STP, applied P, and TSS. Significance was set at the 95% level (P £ 0.05).
Results and Discussion
Surface Runoff
In 2011, there was a system × tillage interaction for surface runoff (Fig. 2) . Conservation no-till plots produced the least runoff (?12 cm), whereas the CT/Conven (44.4 cm) and CT/ Org (21.6 cm) plots had greater total runoff, leading to this interaction. Of the total measured rainfall (119.4 cm), the mean percentage runoff was 37% for CT/Conven, 18% for CT/Org, and approximately 10% for the conservation no-till treatments. Monthly runoff was greatest in winter months (DecemberMarch; data not shown), with CT/Conven regularly having greater total monthly runoff than all other treatments.
In 2012, there was a tillage main effect (Fig. 3) , with CT treatments (14.5 cm) producing approximately 3.5 times more total surface runoff than NT treatments (4 cm). Total rainfall in 2012 was 102 cm (mean), with 14 and 4% of rainfall resulting in runoff from CT and NT treatments, respectively. The highest monthly runoff was observed in October for all treatments (data not shown). The CT/Conven plots demonstrated the greatest runoff in 9 of the 12 mo.
Similar runoff values were observed among NT treatments in 2011 and in 2012, suggesting that tillage is the primary factor in determining surface runoff in these cropping systems if rainfall erosivity does not overwhelm the systems. These findings concur with Li et al. (2007) and Williams et al. (2009) . In addition, a tillage effect was evident because NT treatments (12.7 cm h -1 ) had significantly greater potential infiltration rates that were two times that of CT treatments (6.2 cm h -1 ). Overstreet et al. (2010) , in an experiment using the same plots, demonstrated that the NT treatments had 31 times greater earthworm counts than the CT treatments. Several historical studies on these plots have also demonstrated increases in multiple fractions of carbon in the NT systems (Larsen et al., 2014; Wang et al., 2011; Johnson and Hoyt, 1999) . Results from our study and historical studies on these plots agree with the findings of others (Presley et al., 2012; Rhoton et al., 2002) in that long-term no-till management will potentially lead to increased soil carbon, which in turn increases soil porosity and aggregation and thus improves water infiltration.
Surface Runoff Nutrient and Sediment Losses
Nutrient load losses in 2011 for TSS, TP, and TKN had similar system × tillage interactions; the greatest nutrient losses were from the CT/Conven treatment, followed by the CT/Org and then both NT treatments. In 2011, TSS loads were greatest from CT/Conven (4548 kg ha −1 ), followed by CT/Org (725 kg ha −1 ); losses for NT/Conven (150 kg ha −1 ) and NT/ Org (114 kg ha −1 ) (Table 3) were statistically indistinguishable. Total suspended sediment concentrations followed a similar pattern (CT/Conven > CT/Org > NT/Conven = NT/Org) (Supplemental Table S1 ). Total P losses were highest from CT/ Conven (7.55 kg ha −1 ), followed by CT/Org (3.09 kg ha −1 ), NT/Org (1.20 kg ha −1 ), and NT/Conven (0.60 kg ha −1 ) ( Table  3) . Total P concentrations were three times higher in conventionally tilled plots compared with no-till plots (Supplemental Table S1 ). Total Kjeldahl N losses were also greatest from the CT/Conven treatment (19.0 kg ha −1 ), followed by CT/Org (6.4 kg ha −1 ), NT/Org (4.0 kg ha −1 ), and NT/Conven (3.5 kg ha −1 ). Because both nutrients are sediment attached, it is not surprising that TSS is a significant covariate and that TP and TKN load patterns would be similar to TSS for the different treatments (Table 4) .
Similar patterns of nutrient load losses to that of runoff occurred in 2012 for TSS, TP, TKN, NH 4 -N, and TDN. In 2012, CT plots lost approximately 15 to 20 times more sediment, five times more TP, approximately seven times more TKN, and four times more NH 4 -N than NT treatments. Despite the organic systems having over twice the concentration of TP as Table S1 ), tillage appeared to be the driver of TP losses due to much greater runoff and TSS losses from conventional tilled treatments ( Fig. 2 and 3 ; Table 3 ). Concentrations of TKN and NH 4 -N were similar among treatments. Ammonium N is expected to be higher in conventional systems due to the application of soluble inorganic N fertilizers (Hathaway-Jenkins et al., 2011) . However, covariate analysis showed no significant relationship between NH 4 -N and applied fertilizer (Table 4) .
Finally, loads of TSS, TP, TKN, and NH 4 -N were greater in 2011 than in 2012. In addition, the CT/Conven treatment always had the greatest losses, and 2011 losses were always greater than 2012 losses. For example, the mean 2011 TSS loss (4548 kg ha −1 ) was 5.5 times greater than the mean 2012 loss (822 kg ha −1 ) ( Table 3 ). The 2011 EI value (313) was above the 30-yr average (250) Larsen et al. (2014) demonstrated a significant and negative relationship between TSS loads and soil carbon in these plots; the treatment with the lowest soil carbon and highest TSS loads was the CT/Conven, which was the treatment most susceptible to erosion, especially as EI increased (Table 3 ). The CT/Conven treatment regularly produced the highest surface runoff (Fig.  1a and 1b) and the greatest nutrient loads and concentrations (Tables 3 and 4 ) except for DP, where losses were always greater in organic treatments.
The high sediment loss of the CT plots led to greater particulate P losses and concentrations (Supplemental Table S1 ). Tiessen TdN  2011  2012  2011  2012  2011  2012  2011  2012  2011  2012  2011  2012  2011 2012 et al. (2010) suggested that soil losses associated with tillage type are the primary factor causing particulate P losses. Conservation no-till treatments, regardless of management system, exhibited the lowest sediment loss, and the NT/Conven treatment always had the lowest TKN, TP, and DP losses. Cropping system affected several nutrients, especially dissolved species (DP, NO 3 -N, and TDN) and NH 4 -N in 2011. Conventional systems lost twice as much NH 4 -N in surface runoff as the organic cropping systems in 2011. Losses of NH 4 -N in 2012 were a function of tillage, where conventional tillage treatments lost four times as much as no-till treatments (Table 3) . Only TSS was correlated with NH 4 -N losses in 2011 (Table 4) .
Organic treatments lost nearly 3.5 times more DP through surface runoff than conventional treatments in 2011. The same trend was exhibited in 2012, where organic treatments lost three times more DP than conventional treatments. Soil test P in the conventional and organic cropping systems were mostly high (CT/Conven, NT/Conven, CT/Org) to very high (NT/ Org) and thus did not require additional P (Cahill et al., 2013; NCDA&CS, 2014) (Table 1 ). The addition of poultry pellets that provided the N nutrient source provided unnecessary P to the organic systems and led to not only greater DP loads but also to greater DP concentrations in both years (Table 3;  Supplemental Table S1 ). Covariate analysis indicated that the addition of poultry pellets was correlated with DP loads from the organic plots in both years; in 2012 STP was also correlated (Table 4) . It is unclear as to why this relationship was significant because Cox (1994) found virtually no difference in soluble P loss with these slight differences (53 mg kg −1 ) ( Table 1) in STP on a loam soil. Furthermore, TSS, but not applied P, was a significant covariate to TP loads for both years, whereas applied P was a significant covariate of DP but not to TP. Other researchers have shown increases in P losses (Diaz et al., 2010; Smith et al., 1998) with organic systems due to their reliance on manure as a fertilizer.
The conventional cropping systems lost six times more NO 3 -N than organic cropping systems in 2011 and nearly five times more NO 3 -N in 2012 (Table 3) . Cropping system main effects were primarily a function of CT/Conven; this treatment's mean losses were over four times higher than NT/Conven (data not shown). Unlike all other nutrients, NO 3 -N concentrations were higher in conventional systems for both years (Supplemental Table S1 ). Covariate analysis of NO 3 -N loads indicated that total N applied (fertilizer N + cover crop N), fertilizer applied N, and TSS affected losses. Not only was total N rate (fertilizer N + cover crop) greater (Table 2) , but the N source was more soluble. Our findings are different from Dufault et al. (2008) , who found no difference in surface NO 3 -N losses due to synthetic or organic sources of N.
Total dissolved N reflects losses of both organic and inorganic dissolved N. It exhibited dual main effects; in 2011 and 2012, both cropping system and tillage type affected surface runoff loads (Table 3) . Conventional cropping systems lost approximately twice as much TDN as the organic systems, although CT/Conven contributed much higher TDN losses than NT/ Conven (data not shown). Conventional-till treatments lost two to three times TDN as the NT treatments. As observed with TKN and NH 4 -N, TDN concentrations across treatments were similar between years (Supplemental Table S1 ), suggesting that surface runoff was critical to TDN loads. These results agree with the findings of Tiessen et al. (2010) ; conservation tillage reduced dissolved N losses . Because the TDN concentrations were similar, as were TKN and NH 4 -N, runoff must be the driving factor. The plots with increased soil carbon had reduced runoff (all organic and NT/Conv), thus limiting TDN losses compared with the CT/Conv. These results agree with the findings of Dick et al. (1991) , Ismail et al. (1994) , Presley et al. (2012) , and Rhoton et al. (2002) , which demonstrate increased infiltration due to increased carbon and soil aggregation. Covariate analysis of TDN loads suggests that total applied N, fertilizer-applied N, and TSS were contributing factors of loss (Table 4) .
Sweet Corn Yield and Weed Competition
In 2011, a systems effect was observed in both the total and marketable sweet corn yields (Table 5) , with total yield approximately three times higher in conventional systems (15,744 kg ha interaction in which cropping system and tillage type affected the observed results. Total yield was highest and statistically the same in CT/Conven and NT/Conven, followed by CT/Org and NT/Org (Table 5) . Marketable yield showed similar treatment effects (Table 5) . Yields for prior years of the experiment are reported in Hoyt et al. (2000) , Johnson and Hoyt (1998 ), and Hoyt (2005 , 2007 .
Weed competition limited organic sweet corn yields in 2011, with weed height often greater than corn, thus reducing light, moisture, and N availability to the crop. Weed control in the organic plots (rototilling and mowing) was delayed in 2011 due to rainfall that occurred immediately after planting. With weather conditions permitting, mowing and rototilling removed weeds between rows, but weeds in-row between corn plants were not controlled, resulting in intense weed pressure. In 2012, aboveground weed biomass and N concentrations were measured to assess the observations made in 2011. ). Overall, weed biomass was greatest in the NT/ Org treatment, where weeds in-row were similar to CT/Org, but mowing only suppressed weed control between rows. Weed biomass N was greater in the organic cropping systems (54.8 kg ha −1 ), which sequestered nearly four times more plant-available N than weeds in the conventional systems (13.7 kg ha ). Weed communities differ between organic and conventional cropping systems. Cavigelli et al. (2008) found that almost 25% or more of yield reductions in organic systems were due to weed competition. When relying solely on cultivation and, in the NT/ Org treatment, between-row mowing to control weeds, these results are expected, especially in a long-term (>18 yr) experiment such as this. Although weed biomass and N accumulation were much greater in organic systems, weeds in the CT/ Org treatment were much better controlled in 2012; tillage was timely because rainfall did not interfere as it had in 2011, and thus yields were more similar to the conventional cropping system. Our data concur with Cavigelli et al. (2008) , Teasdale et al. (2007) , and Seufert et al. (2012) in that organic cropping systems typically yield less than conventional systems due to the differences in weed communities and fertilization, but our data differ from Johnson et al. (2010) , Walker et al. (2009), and Lithourgidis et al. (2007) , where organically fertilized treatments produced competitive yields. DeDecker et al.'s (2014) survey of Midwest organic producers provides insight to the complexity of weed control in competitive organic systems, stating that 59% of their sample population used on average 13 different methods to control weeds. Organic cropping systems, especially NT, may rely on manual weed control methods, increased cropping rotations, thermal measures, or mulching to reduce weed populations (Bond and Grundy, 2001 ). However, in-row weeding during production is often economically prohibitive, especially on a farm-scale operation ( Johnson et al., 2010) .
Agricultural Cropping Efficiency
The agricultural cropping efficiency (ACE) coefficient is defined as the total sweet corn yield per unit of pollutant lost, with greater coefficient values indicating higher yields with less pollution. Coefficients ranged from 324,487 (2012 CT/Conv DP) to 3 (2011 CT/Conv TSS). With a range in values this large, normalization was used to better compare the data (Table 6 ).
In 2011, ACE coefficient analysis resulted in the NT/Conven treatment being greater than all other treatments across all measured constituents except DP, NO 3 -N, and TSS (Table 6 ). In 2012, NT/Conven ACE coefficients were statistically greater than all other treatments for TSS, TP, and TKN. Although not statistically significant for NO 3 -N, NH 4 -N, and TDN, NT/ Conven still had the greatest ACE coefficients. When ACE coefficients are averaged across constituents (data not shown), the ACE coefficient in 2011 for NT/Conv was statistically greater than all other treatments, whereas the ACE coefficient for NT/ Org was the same as for CT/Conv but greater than CT/Org; CT/Conv and CT/Org were the same. In 2012 the averaged NT/Conv ACE coefficient was statistically greater than all other treatments, which were similar to each other. Despite yields being greater in the CT/Conv treatment than in the organic treatments, typically the ACE coefficient was similar to NT/Org and CT/Org because nutrient and sediment losses were much greater.
Because the NT/Conven treatment had greater ACE coefficients than all other treatments across both years and across most measured constituents (Table 6) , we conclude that NT/Conven is more efficient in terms of productivity and water resource protection because the production gains (sweet corn yield) are greater per unit of negative environmental impact (nutrient CT/Conven, conventional tillage conventional management; CT/Org, conventional tillage organic management; NT/Conven, no-till conventional management; NT/Org, no-till organic management. ‡ DP, dissolved phosphorus; TDN, total dissolved nitrogen; TKN, total Kjeldahl nitrogen; TP, total phosphorus; TSS, total suspended solids. § Means in columns followed by the same lowercase letter are not significantly different (P > 0.05). losses). Other researchers (Aronsson et al., 2007; Kirchmann et al., 2007b) have reached similar conclusions. Although these findings only apply to the parameters measured here, other studies indicate that this cropping regime is sustainable from soil microbiological aspects as well. Lupwayi and Blackshaw (2012) and Dalby et al. (1995) report that the use of glyphosate, among other agriculture chemicals, did not affect soil microbial properties when used responsibly.
Conclusions
In a year with comparatively excessive rainfall and intensity (2011), we observed that cropping system management interacted with tillage relative to surface runoff, TSS, TP, and TKN losses. When rainfall was lower and EI values were reduced (2012), TSS, TP, NH 4 -N, and TKN losses were a function of tillage type. Although CT/Conv generally had the greater losses, the magnitude was much lower in 2012, indicating that a cornerstone of reducing erosion and nutrients associated with soil should be NT, especially on sloping land.
Other losses were driven solely by cropping system (DP and NO 3 -N) in that the changes in rainfall from year to year did not affect the loss patterns. These two constituents, and perhaps the most concerning in relation to eutrophication of water resources, had greater losses from different cropping systems: DP from organic and NO 3 -N from conventional. The effect of cropping system was related to the fertilizer sources and rate. Despite having adequate STP, the poultry litter used in organic treatments supplied excess P, resulting in greater losses from these systems. Total fertilizer N was less in the organic plots because cover crop N was considered in part of the overall N budget; less total N and less soluble N sources undoubtedly lead to lower NO 3 -N loads in the organic systems. Total dissolved N was a function of both cropping system (Conv > Org) and tillage (CT > NT), primarily because the largest losses were always from CT/Conv and because there was no pattern of loss with the other treatments.
Both cropping systems have their advantages relative to reducing nutrient losses. Conventional systems produced greater yields than organic systems in both years in these long-term plots, but CT/Conven typically had the greatest nutrient and sediment losses. Assessing productivity through the use of the ACE coefficient demonstrated that NT/Conven treatment had the greatest sweet corn yield per unit of negative impact (nutrient loss), as others such as Korsaeth (2008) and Torstensson et al. (2006) have found.
